Abstract: To develop a bone substitute with shape-generating properties, we investigated eff ects of dextrin, a low viscosity material, on MC3T3-E1 mouse osteoblast-like cells in vitro. At concentrations of 0.1 and 1.0 mM, dextrin promoted proliferative activity of MC3T3-E1 cells, whereas at concentration of 10 mM and higher, it negatively affected cell survival. In an alkaline phosphate (ALP) assay, MC3T3-E1 cells from experimental groups that were exposed to all tested concentrations of dextrin showed signifi cantly higher ALP activity values than cells in control group after day 9 in culture. In addition, blue-violet color in histochemical ALP staining experiments was detected in all groups on day 5 in culture; however, the most intensive staining was observed in MC3T3-E1 cells treated with 0.1 mM dextrin on day 11. Given to previously proven good biocompatibility of dextrin in vitro, our present results suggest that dextrin can be combined with bone fi lling material as a binder for clinical applications.
Introduction
Calcium phosphate bone fi lling materials, such as hydroxyapatite, octacalcium phosphate, and similar substances, are frequently used for the reconstruction of bone defects in dentistry and medicine [1] [2] [3] [4] . However, if a powdered or granular bone substitute is filled, there is concern that it may easily f low out of the substituted site. In addition, bone substitute does not have shape-generating properties by itself, and it is difficult to keep it in the bone defect location for a certain period, while maintaining an arbitrary shape. Therefore, the development of new composite polymeric materials as bone substitutes is necessary in order to compensate for this this drawback. It has been previously reported that polymeric vehicle materials such as fibrin 5) , dextran 6) , chitosan 7) , or collagen 8) can be combined with bone substitute for fi lling. Natural polymeric materials are not frequently used in the clinic, because of the safety concerns regarding potential antigenicity and toxicity of proteins of biological origin. Having considered this evidence, we sought to examine whether dextrin, a polysaccharide with favorable metabolic properties and low viscosity, can be used as a fi ller alternative to protein-based materials.
Administration or implantation of dextrin in vivo requires its biocompatibility with the tissues. We have previously shown that mouse L929 f ibroblast-like cells that were exposed to 0.1 mM or 1.0 mM dextrin for 72 h had higher proliferation rates than untreated control cells 9) . Thus, we proved that dextrin exhibited good biocompatibility in vitro. In the present study, we determined the effects of dextrin on cell proliferation of mouse osteoblast-like MC3T3-E1 cells and on their alkaline phosphatase (ALP) activity. Elucidation of these parameters is important in light of potential application of dextrin to treat bone defects.
Materials and Methods

MC3T3-E1 cell proliferation
In this study, MC3T3-E1 (C57BL/6; DS Pharma Biomedical Co. Ltd., Osaka, Japan) derived from mouse osteoblast-like cells were used. MC3T3-E1 cells were cultured in α-Minimum Essential Medium (α-MEM; Life Technologies Japan Ltd., Tokyo, Japan) supplemented with 10% fetal bovine serum (FBS; Life Technologies Japan Ltd.) and 100 U/mL penicillin-100 µg/ml streptomycin (Life Technologies Japan Ltd.). MC3T3-E1 cells were grown to a density of 1×10 4 cells/ml, and then, 400-µl aliquots of culture medium with cells were seeded in 24-well microplates. Cells were cultured at 37 in the atmosphere of 95% air and 5% CO 2 over 1, 3, 5, or 7 days. Culture medium was replaced every two days. Dextrin (Pine Fiber ® ; Matsutani Chemical Industry Co., Ltd., Hyogo, Japan), which has an average molecular weight of 2,000, was used in this study and had been sterilized after processing before its application to the cells. Experimental groups of MC3T3-E1 cells were exposed to 0.1, 1.0, or 10 mM dextrin that was added to the culture medium. Control group comprised cells exposed to the culture medium only. Culture medium containing diff erent concentrations of dextrin underwent fi ltration through a 22-μm fi lter before addition to the cells.
Cell Counting Kit-8 (CCK-8; Dojindo Laboratories, Kumamoto, Japan) was used to measure the number of live cells 10, 11) . Specifi cally, culture medium in cultures that had been grown for 1, 3, 5, or 7 days was replaced with new culture medium, and 40 µl of CCK-8 was added to each well. Then, a 100-µl aliquot from each well was transferred to a 96-well microplate after letting the plate stand for 1 h, and the absorbance at 450 nm wavelength (O.D.) was measured with a microplate reader (MPR-A4i; Tosoh Co., Tokyo, Japan). A standard curve was prepared using cultures of MC3T3-E1 cells grown at a density of 1 10 4 -70 x10 4 cells/ml (n=5) to calculate the number of live cells in experimental and control groups.
50% cell inhibitory concentration values (IC 50 ) of MC3T3-E1 cells
In these experiments, we explored how dextrin at concentration of 0.1, 1.0, 10 and 100 mM aff ected the survival of MC3T3-E1 cells after 24 h in culture, and IC 50 was thus obtained from the concentration-cell survival rate curve (n=5).
ALP assay
ALP activity was evaluated using Lab Assay TM ALP (Wako Pure Chemical Industries Ltd, Osaka, Japan) according to the BesseyLowry method 12, 13) . The culture method was the same as described above, and MC3T3-E1 cells were grown for 5, 7, 9 or 11 days. In the end of the culture period, 20 µl of culture medium from each well was transferred to 96-well microplate wells and mixed with 2.0 mM MgCl 2 containing p-nitrophenylphosphate (6.7 mM) and 0.1 M carbonate buff er (pH 9.8). The reaction proceeded for 15 min at 37 and was terminated by the addition of 0.2 M sodium hydroxide solution. Thereafter, absorbance (O.D.) at 405 nm wavelength was measured with a microplate reader and converted to the amount of produced p-nitrophenol, which was determined according to the analytical curve created beforehand (n=3).
ALP staining
On days 5 and 11 in culture, histochemical staining for ALP activity was conducted using a tartrate-resistant acid phosphatase and ALP double-stain Kit (Takara Biomedical Inc., Shiga, Japan) 14) . In the end of the culture period, culture medium was removed, and MC3T3-E1 cells were with 1.0 M PBS. Then, 250 µl of the fi xation solution was added to each well for 5 min. After washing with sterile distilled water, 250 µl of ALP substrate solution was added to each well and left to react for 30 min at 37 to stain the cells. Thereafter, the results of ALP staining and cell morphology were observed under a phase-contrast microscope (IX71; Olympus Co., Tokyo, Japan).
Statistical analysis
Comparison of the numbers of live cells in diff erent groups were done by one-way analysis of variance followed by the Tukey's post hoc test, if appropriate. P-values of less than 0.05 were considered to indicate statistical signifi cance of diff erences. All values are expressed as the mean ± standard deviation.
Results
Eff ects of dextrin on MC3T3-E1 cell proliferation
MC3T3-E1 cell proliferation throughout the culture period was observed both in control and experimental dextrin-treated groups (Fig. 1) . In cultures treated with 0.1 mM dextrin, cell number was signifi cantly higher than that in control group after day 3 in culture. A similar result was obtained in cultures exposed to 1.0 mM dextrin after day 7 in culture. In contrast, the number of MC3T3-E1 cells treated with 10 mM dextrin was lower than that in control group on day 3 in culture.
IC 50 of MC3T3-E1 Cells
Inhibitory eff ect of high concentrations of dextrin on the survival of MC3T3-E1 cells after 24-h exposure is shown in Fig. 2 . The IC 50 value was 41 mM according to the concentration-cell survival rate curve. 
ALP assay
The results of ALP activity in MC3T3-E1 cells are shown in Fig. 3 . On days 5 and 7 in culture, MC3T3-E1 cells in all groups showed little ALP activity and no inter-group diff erences were detected. After day 9 in culture, potent ALP activity was noted in all experimental groups that was signifi cantly higher than that in control group.
ALP staining
MC3T3-E1 cells on day 5 in culture had spindle and polygonal shape in all groups. Few mature cells and cells undergoing cell division were observed that exhibited blue-violet color in stained images. By day 11 in cult u re, cell mor pholog y changed and MC3T3-E1 cells took polygonal and spherical shapes. In all groups, MC3T3-E1 cells tended to be ALP-active. In particular, MC3T3-E1 cells treated with 0.1 mM dextrin exhibited strong blue-violet color (Fig. 4) .
Discussion
In the present study, in the search for a bone substitute with shapegenerating properties of non-protein origin, we investigated the eff ects of dextrin on MC3T3-E1 mouse osteoblast-like cells and revealed several benefi cial properties of this material.
Dextrin is a generic name for an intermediate product that decomposition of starch by enz y mes, acids or heat, in some biotechnological processes, e.g., malting and mashing. Dextrin is water-soluble, has easily adjustable low viscosity, and can be metabolized in the body via hydrolysis. As a material relatively resistant to heat and acid, dextrin is used as a vehicle for antibiotics and also has excellent preser ving properties. Because dextrin has favorable chemical properties and physiological effects, we hypothesized that it could be used in the clinic as an effective implantation material 9) . Dextrin is classified as a low-molecular dietary fiber and has lower antigenicity compared to implantation materials that had been examined thus far. Furthermore, dextrin can be decomposed into monosaccharides during metabolism and therefore, it is less likely to cause any harmful effects in vivo 9, 15) . Moreover, dextrin with a plasma-expanding effect has also recently been developed.
To evaluate dextrin properties during its possible application in bone defect sites, we examined its effects on MC3T3-E1 mouse osteoblast-like cells that are widely used to model the course of bone replenishment in vivo. MC3T3-E1 cells exhibit phases of proliferation, differentiation, and calcification, just like a bone cell in vivo 16, 17) .
Modulation of proliferation and maturation of MC3T3-E1 cells by dextrin showed a similar trend to that observed previously in L929 cells. Specifically, proliferation activity of MC3T3-E1 cells was promoted by low concentrations of dextrin concentration, whereas at concentrations higher than 10 mM, dextrin decreased cell survival. In addition, ALP activity was measured in order to evaluate the potential of MC3T3-E1 cells to undergo differentiation that occurs during bone formation. ALP is a glycosylphosphatidylinositol-anchored protein on the surface of the cell membrane that is expressed in high concentrations by mature osteoblasts 18, 19) . Activity of this enzyme is closely associated with the capacity for cell differentiation and calcifi cation potential, as it regulates the concentration of extracellular phosphate complex 20) . Thus, because ALP activity is increased with the proliferation of MC3T3-E1 cells, this phenomenon has been regarded as a cell differentiation index 21, 22) . In our study, mature MC3T3-E1 cells exhibited blue-violet color, and ALP activity was low at day 5 in culture. Notably, whereas cell proliferation rate in the present of 10 mM dextrin was lower than in that in the control group, ALP activity, in contrast, was remarkably higher on day 9 in culture. Accordingly, we concluded that dextrin promoted high ALP activity. Moreover, on day 11 in culture, fl agstone-like mature cells exhibited blue-violet color in all experimental groups, with the highest staining intensity being observed in MC3T3-E1 cells exposed to 0.1 mM dextrin. This fi nding indicates that ALP activity was potentiated by low concentrations of dextrin in the culture medium. In the present study, MC3T3-E1 cells were cultured for the maximum period of 11 days, but it is surmised that the formation of calcifi ed nodules in dextrin-treated cells would occur earlier than in control cells if they were cultured for a longer period of time.
In this study, we demonstrated that the dextrin applied at low millimolar concentrations promoted proliferation and enhanced ALP activity of cultured MC3T3-E1 mouse osteoblast-like cells. Given to previously proven good biocompatibility of dextrin in vitro, our results suggest that dextrin can be combined with bone fi lling material as a binder for clinical applications. 
